Phosphorylase phosphatase converts phosphorylase a into phosphorylase b. It was the first interconverting enzyme to be discovered (Cori & Green, 1943) and is the best characterized of the protein phosphatases involved in the regulation of glycogen metabolism, although its enzymology is still incompletely understood (for a review see Lee et al., 1976) .
We have developed a procedure for the isolation of phosphorylase phosphatase. Rabbit liver phosphorylase phosphatase was purified to homogeneity and the rabbit skeletal-muscle enzyme was extensively purified by this procedure (Brandt et a/. ,1975a) .
More recently, we have used the same procedure to isolate phosphorylase phosphatase from bovine heart as an essentially homogeneous preparation (Lee et al., 1977) . The properties of the rabbit liver, rabbit skeletal muscle and bovine heart enzyme preparations are shown in Table 1 . All three enzymes are proteins of relative mol.wt. 35000. Thus phosphorylase phosphatase of both liver and muscle may be isolated as a form of mol.wt. 35000. This 35000-mol.wt. form of phosphorylase phosphatase we have termed protein phosphatase C (Lee et a/., 1977) . Khandewal et a/. (1976) have also isolated protein phosphatase C as well as a lower specific activity form of mol.wt. 30500 from rabbit liver. Rabbit liver phosphatase C appears to be a general protein phosphatase, and thus far appears to be capable of the dephosphorylation of all proteins phosphorylated by either CAMP-dependent protein kinase or phosphorylase kinase (Killilea et a/., 1976a; Khandewal el a/., 1976; Lee et a/., 1977) , although it may be noted that phosphorylase a is more rapidly dephosphorylated than any of the other substrates Table 1 . Properties of phosphorylase phosphatase prepared by the procedure of Brandt et al. (1975~) Data for the rabbit liver and rabbit muscle enzymes are taken from Brandt et a/. (1975a) . The bovine heart enzyme was purified as by Brandt et af. (1975a) , except that the acid-precipitation step was omitted. One unit of phosphorylase phospharase activity converts 1 nmol of rabbit muscle phosphorylase a dimer into phosphorylase blmin. tested. Phosphorylated proteins that have been found to be dephosphorylated by rabbit liver protein phosphatase C include : glycogen synthase, phosphorylase kinase, troponin, casein, histone, bovine heart protein kinase R-subunit and hormone-sensitive lipase (Killilea et al., 1976a; Khandewal et al., 1976; Lee et al., 1977) . Rabbit skeletal-muscle phosphorylase phosphatase has been isolated as a form of mol.wt. 32000 (Gratecos et al., 1974) ; preparations of a partially purified rabbit skeletalmuscle phosphatase of apparent mol.wt. 45000 have been found to display broad specificity, although its relationship to protein phosphatase C is not known (Antoniw et al., 1977) . By using essentially the procedure we described (Brandt et al., 1975a) , Chou et al. (1977) have isolated a protein phosphatase from bovine heart that is active towards phosphorylase a, casein, histone, the R-subunit of bovine heart cyclic AMPdependent protein kinase and troponin.
Although protein phosphatase C displays multiple specificity, this does not prove that it is a multifunctional enzyme in uiuo, although it does provide an enzymic basis for such a possibility. As discussed below, it is not yet known whether protein phosphatase C ever appears as such in vivo. . m, Vigorous homogenization; the liver was homogenized with 3vol. of the same buffer in a Sorvall Omni-Mixer (3 x 30s, full speed). Equal volumes of the IOOOOOg supernatants of the two homogenates were chromatographed and the fractions assayed for phosphorylase phosphatase activity. Samples (2ml) were applied to the column (1.6cmx 64cm), and 2ml fractions were collected.
Our studies have shown that protein phosphatase C appears t o be the catalytic subunit of a larger enzyme. During the purification, the preparation is subjected to ethanol treatment [precipitation with 5~01. of ethanol at room temperature (24"C)I. This procedure results in the activation and dissociation of phosphorylase phosphatase activity from higher-molecular-weight forms to the 35000-mol.wt. form (Brandt et at., 1974; Lee et a/., 1976) . Similar treatments with trypsin and urea also lead to the activation and dissociation of phosphorylase phosphatase activity (Lee et a/., 1976) .
To explain these phenomena, we proposed that protein phosphatase C is the catalytic subunit of a larger enzyme, and that the latter contains a n inhibitor subunit that is selectively removed by ethanol treatment. This hypothesis was supported by our discovery of heat-stabie, trypsin-labile, protein inhibitors of phosphorylase phosphatase that were able t o form complexes with protein phosphatase C (Brandt et a/., 19756) .
Phosphorylase phosphatase activity in tissue extracts displays the phenomenon of multiple enzyme forms. In our studies (Lee eta/., 1976 ; Killilea et a/., 19766), we have observed that the appearance of multiple molecular-weight forms in tissue extracts is dependent on the homogenization procedure. In extracts prepared by gentle homogenization in iso-osmotic buffer, only a single molecular-weight form is observed on gel filtration, whereas multiple forms are found in extracts prepared by vigorous homogenization, as shown for rat liver in Fig. 1 . Thus it appears that some of the multiple enzyme forms may be artifacts produced by the homogenization procedure. The highmolecular-weight form seen in extracts prepared by gentle homogenization had an apparent mol.wt. of 260000 and a Stokes radius of 5.5nm (55A) on gel filtration. This enzyme form was found t o be present in all tissues examined, including rabbit muscle. It is activated by ethanol or urea treatment and is simultaneously converted into the 35000-mol.wt. form.
Our current working hypothesis is that this high-molecular-weight enzyme is a 'holoenzyme' that contains protein phosphatase C as its catalytic subunit as well as an inhibitor subunit. This high-molecular-weight form we will refer to as protein phosphatase H. The concept of a less-active holoenzyme form of protein phosphatase C is important, since it holds a possible mechanism for the regulation of protein phosphatase activity (Lee et al., 1976 (Lee et al., , 1977 . It is noteworthy that we have not observed the presence of low-molecular-weight forms of phosphorylase phosphatase in crude liver or muscle extracts prepared by appropriate homogenization procedures, and protein phosphatase H probably represents the native form of the enzyme. Confirmation of this working hypothesis requires the isolation of the putative holoenzyme, the elucidation of its subunit structure and the demonstration of the proposed functions of the subunits.
Our current progress on the isolation of the putative holoenzyme form of protein phosphatase will be briefly reviewed. We have developed a procedure for the extensive purification of a high-molecular-weight form of phosphorylase phosphatase from rat liver (Lee et al., 1977) . These preparations were found to contain at least two forms (of identical molecular weight) on ion-exchange chromatography. The physical properties of this enzyme preparation were examined. On gel filtration, an apparent mol.wt. of 225000 and a Stokes radius of 5.2nm (52A) were obtained. On sucrose-density ultracentrifugation, an s2, , , , . , of 5.8 S was found. Calculation of the molecular weight from the s~, , ,~ and the Stokes radius as by Siege1 & Monty (1966) gave a value of 130000, as well as values for the frictional ratio (1.5) and axial ratio (10) that indicated it to be a highly asymmetric protein. (The purified enzyme is apparently smaller in size than the enzyme present in the crude extract; the reasons for this are not yet known, although it is possible that the purified enzyme may already be partially dissociated.) On sodium dodecyl sulphate/polyacrylamide-gel disc electrophoresis two major components of mol.wt. 65000 and 35000 were found to be present, as well as a minor component of mol.wt. 55000. On the basis of gel scans of the intensity of the stained bands, the relative amounts of the 65000-and 35000-mol.wt. subunits were found to be those expected for a subunit structure of one molecule of 65000-moI.wt. subunit and two molecules of the 35000-mol.wt. subunit for the holoenzyme. The enzyme is dissociated by freezing in 0 . 2~- Fraction no.
Fig. 2. Elution proJi[es ofprotaminephosphatase andphosphorylase phosphatase activities in a trypsin-treated rat liver extract on Sephadex G-75 chromatography
A rat liver extract was treated with trypsin (Brandt et a/., 19756) and then chromatographed on a column (1.6cmx60cm) of Sephadex G-75. The column fractions were assayed for protamine phosphatase activity (0) and for phosphorylase phosphatase activity ( 0 ) .
mercaptoethanol to an enzymically active form of mol.wt. 35000, establishing that protein phosphatase C is present as the catalytic subunit. Although phosphorylase phosphatase (protein phosphatase C ) is capable of dephosphorylating both histone and protamine, our experiments indicate that there exist distinct phosphatases with activity towards these substrates (Killilea et al., 19766) . Thus histone phosphatase or protamine phosphatase activity in tissue extracts is not activated by treatment with ethanol, trypsin or urea, but is partially inactivated. Protamine phosphatase and phosphorylase phosphatase activities in a crude rat liver extract are excluded in the void volume after chromatography on Sephadex (3-75 (results not shown). If a rat liver extract is first treated with trypsin and then chromatographed on Sephadex G-75, the bulk of the protamine phosphatase activity remains in the void volume, in contrast with phosphorylase phosphatase activity, which is almost entirely converted into the 35000-mol.wt. form (Fig. 2) . 
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Liver plays a central role in the maintenance of blood glucose homoeostasis. Glucose, which is produced by the liver, comes from glycogen and from gluconeogenic precursors, such as lactate or amino acids. A stimulation of glucose production from both sources is obtained during food deprivation or after administration of glucagon or adrenaline (epinephrine).
As pointed out by Soskin & Levine (1946), glucose itself is a very potent regulator of the uptake or output of glucose by the liver, so that the blood glucose homoeostasis by the liver is autoregulated. The hepatic threshold for glucose is the concentration of glucose at which the liver stops producing glucose and starts to take up the sugar. This threshold depends on hormonal conditions. The regulation of the metabolism of glycogen in the liver by glucose itself has been extensively studied in this laboratory, and the subject has been reviewed (Hers, 1976; Stalmans, 1976) and will not be presented in detail here. It appears that glucose stimulation of glycogen synthesis is mediated by the interconversion of phosphorylase. Glucose indeed binds to phosphorylase a and in doing so stimulates its conversion into phosphorylase b. Since the synthase phosphatase, the enzyme activating the synthase, is strongly inhibited by phosphorylase a, it is only when the major part of phosphorylase has been inactivated that the synthase becomes activated.
The aim of the present paper is to describe the different mechanisms by which hormones control glycogenolysis and gluconeogenesis. These mechanisms have mostly been studied in isolated liver preparations.
Hormonal control of glycogen metabolism
The rates of glycogen synthesis and degradation are controlled by the activities of the enzymes catalysing the rate-limiting steps in these pathways, namely glycogen synthase and glycogen phosphorylase. Each of these enzymes exists in two forms, a (active) and b (inactive), which are interconvertible through phosphorylation by kinases and dephosphorylation by phosphatases. A stimulation of glycogen degradation by hormones will therefore be achieved by the inactivation of glycogen synthase and activation of phosphorylase. There are at least two sequences of events that lead to the activation of phosphorylase in the liver :
(1) Cyclic AMP-dependent activation of phosphorylase. Glucagon and P-adrenergic agents are known to increase the concentration of cyclic AMP in the liver, whereas insulin is able to antagonize the accumulation of cyclic AMP brought about by sub-
